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Abstract 

Introduction: The aim of this prospective study was to evaluate the diagnostic 
accuracy of dual-source computed tomography coronary angiography (CTCA) 
compared to intravascular ultrasound (IVUS) for the detection of restenosis in 
patients who underwent coronary stenting for bifurcation left main (LM) 
stenosis. 

Material and methods: Twenty-four patients underwent percutaneous inter- 
vention of the LM and were subsequently examined (median 9.2 months after 
procedure) using IVUS and CTCA for the detection of restenosis. 
Results: Significant restenosis was detected according to IVUS examination in 
6 patients (25%) and 8 segments (13%). Based on segment analysis, sensitivity, 
specificity, positive and negative predictive values of CTCA for the detection of 
restenosis were 89%, 68%, 32%, 97%, respectively. There was moderate to good 
correlation between the minimal luminal area (MLA), measured by CTCA and 
IVUS for LM, the left anterior descending artery (LAD) and the left circumflex 
artery (LCx) (r = 0.64, p < 0.01; r = 0.49, p = 0.03; r = 0.76, p < 0.01, respectively). 
A Bland-Altman analysis showed that the MLAs measured by CTCA were unde- 
restimated in all segments (mean difference 1.67 ±2.2 mm 2 for LM; 2.0 ±2.0 mm 2 
for LAD; 1.79 ±1.79 mm 2 for LCx). An ROC analysis of the MLAs derived by CTCA 
for detecting significant stenosis was performed. The area under the curve for 
all analysed segments was 0.73. 

Conclusions: The present study demonstrates that in patients after LM bifur- 
cation stenting CTCA performs well in the exclusion of in-segment restenosis. 
However, due to the low positive predictive value of CTCA, the finding of any 
restenosis should be confirmed by invasive examination. 

Keywords: stent, left main stenosis, intervention, computed tomography. 



Introduction 

Percutaneous coronary intervention (PCI) with stent implantation is an 
alternative to surgical revascularization in some patients with significant 
stenosis of the left main coronary artery (LM) [1-3]. Although there have 
been many improvements in the quality of stents and a higher rate of drug- 
eluting stent use, approximately 10% of patients still develop restenosis, 
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which might be associated with clinically significant 
consequences [1, 3]. Interestingly, the risk of reste- 
nosis is mainly influenced by lesion location. Stenting 
of ostial and body LM stenosis was found to have 
a very low incidence of restenosis, which was 1-3% at 
the 1-year follow-up [4, 5]. On the other hand, sten- 
ting for LM bifurcation was associated with a six-fold 
higher risk of target vessel revascularization [5], and 
these results suggested the need for meticulous 
follow-up after PCI [1, 3, 6]. 

Recently, dual-source computed tomography 
angiography (CTCA) with improved temporal reso- 
lution has provided a new non-invasive tool for 
detecting in-stent restenosis [7]. However, the detec- 
tion and quantification of in-stent restenosis is still 
much more difficult than in native coronary arteries, 
which is mainly due to the presence of metal arte- 
facts interfering with the correct interpretation of 
luminal area [8-10]. 

The aim of this pilot study was to evaluate the 
diagnostic performance of CTCA for the detection of 
restenosis in patients after percutaneous treatment 
of an LM bifurcation lesion. Intravascular ultrasound 
(IVUS) was used as the gold standard. 

Material and methods 
Patients 

This study was conducted prospectively; 24 pa- 
tients with above 50% stenosis of the unprotected 
LM bifurcation treated by a single coronary stent 
implantation from February 2008 to December 2009 
were enrolled. Patients with ST-elevation myocardial 
infarction and a need for the implantation of more 
than one stent were excluded. Intravascular ultra- 
sound (IVUS) and CTCA follow-up examinations were 
recommended to all patients. Written informed 
consent was obtained from each patient and the 
local ethics committee approved all study protocols. 

Intervention 

Direct coronary stenting with the implantation of 
only one stent covering the LM and proximal parts 
of the left anterior descending artery (LAD) was the 
technique used in this study [6, 7, 11]. Pre-dilation of 
the lesion was performed if needed. Final kissing 
balloon post-dilation was used. Intravascular ultra- 
sound was used at the operator's discretion. Twenty 
patients (83%) had stenosis of type 1-1-1 according 
to the Medina classification [12]. The following drug- 
eluting and bare-metal stents with a nominal diam- 
eter of 3.5-4.5 mm were used: Xience Prime Coronary 
Stent System (Abbott Vascular, Santa Clara, CA, 
USA), BioMatrix (Biosensors, Morges, Switzerland), 
and Coroflex* Blue (B. Braun, Melsungen, Germany). 
Two bare-metal stents and 22 drug-eluting stents 
were used. After PCI, aspirin, clopidogrel, statins and 
other optimal medical treatments were prescribed 
to all patients. 



Computed tomography angiography 
examination 

All CT examinations were performed on a dual- 
source CT scanner (Somatom Definition, Siemens 
Medical Solutions, Forchheim, Germany) with 70 to 
100 ml of iodixanol (lomeron, 400 mg/ml, Altana- 
Bracco, Germany) followed by 40 ml of saline solu- 
tion [13]. Two doses of sublingual isosorbide dinitrate 
spray were used at the start of the examination. No 
p-blockers were given before examination. The exa- 
mination focused on three coronary segments: the 
whole LM, the proximal part of the LAD and the left 
circumflex artery (LCx). The LAD and LCx were eval- 
uated in 1-cm-long segments distal to the stent. 
Images were reconstructed with a slice thickness of 
0.6 mm and reconstruction increment of 0.3 mm 
using a sharp convolution kernel (B46f). AqNET soft- 
ware (version 1.8.4.5., TeraRecon, USA) was used for 
the evaluation and measurements. Identification of 
the minimal lumen was made from longitudinal 
images of curved planar reconstructions and measure- 
ments of the minimal luminal area were performed 
manually from images perpendicular to the arterial 
axis (Figure 1). Data sets were analysed by a single, 
experienced radiologist blinded to the clinical data. 

Intravascular ultrasound examination 

Coronary angiography was performed 1 day 
after CTCA. Several angiograms of the left coronary 
artery were acquired. Subsequently, IVUS was 
performed using the Volcano Endosonics System 
(Volcano Therapeutics Inc., CA, USA). After the intra- 
coronary administration of 500 ug of isosorbide dini- 
trate, the ultrasound catheter (Eagle Eye Platinum, 
Volcano Therapeutics Inc., CA, USA) was advanced 
10 mm beyond the stent to both the LAD and LCx, 
and was subsequently slowly withdrawn (0.5 mm/s) 
[14]. Images were recorded continuously and recor- 
ded on CDs. The IVUS data were analysed by an 
experienced technician and confirmed by an inva- 
sive cardiologist blinded to all clinical and CTCA data. 
Quantitative analysis was based on the finding 
showing the most severe narrowing in the LM, LAD 
and LCx. Location of significant lesions was also 
compared with CTCA assessment. 

The minimal luminal area (MLA) was assessed by 
CTCA and IVUS. The IVUS examination was consid- 
ered as the gold standard. Significant restenosis was 
defined as MLA < 6 mm 2 in the LM and < 4 mm 2 in 
the LAD or LCx [15]. Segments with severe restenosis, 
according to coronary angiography, did not have to 
be examined by IVUS and were considered signifi- 
cantly stenosed. 

Statistical analysis 

Continuous variables were expressed as mean 
± SD, and categorical variables as counts and per- 
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Figure L Assessment of a coronary artery stent by CTCA. A 



centages. Sensitivity, specificity, positive predictive 
value, negative predictive value, accuracy (with 95% 
confidence intervals) and the likelihood ratio of CTCA 
for the detection of restenosis were assessed against 
IVUS as the gold standard. The MLAs of the LM, LAD 
and LCx measured by CTCA and IVUS were corre- 
lated by means of a Bland-Altman analysis and 
Pearson's correlation coefficient. Receiver-operating- 
characteristic (ROC) analysis was used to determine 
the optimal cut-off value for detecting significant 
restenosis. The area under the ROC curve (AUC) 
provided a measure of the overall accuracy that was 
independent of the decision criteria by plottingtrue- 
positive rates against false-positive rates as the cut- 
off level of the model varied. The optimal cut-off 
value for detecting significant stenosis (based on 
MLA) was defined as the point with the highest sum 
of sensitivity and specificity. A p-value of below 0.05 
was considered statistically significant. The statis- 
tical software Stata 9.2 (StataCorp LP, College 
Station, TX, USA) was used. 

Results 

Immediate results 

A total of 24 patients safely underwent PCI with 
implantations of 24 stents with a nominal diameter 
of 3.5-4.5 mm (Table I). There were no significant 
complications of these interventions and residual 
stenosis was < 20% in all cases. 

Follow-up 

Follow-up examinations were performed on all 
patients. The median length between PCI and the 
follow-up examination was 9.2 months (3-12 months). 
No patients died during follow-up. Twenty-four fol- 
low-up examinations occurred safely and without 
any complications. One examination was performed 
on a patient with atrial fibrillation. All segments were 




Longitudinal view, B - minimal luminal area measurement 



classified as evaluable by CTCA. However, three LAD 
segments (13%) were not evaluable by IVUS because 
of a failure of the smooth IVUS catheter passing 
along the coronary wire into the LAD. In 7 cases 
(29%), we were not able to examine the LCx by IVUS 
because of a failure to smoothly pass the IVUS 
catheter through the stent into the LCx. According 
to coronary angiography there were two borderline 
ostial LCx stenoses present in these cases. Hence, 
62 coronary segments (24 in LM, 21 in LAD and 17 in 
LCx) were evaluable for both CTCA and IVUS. Signif- 
icant restenosis, according to IVUS examination, was 
detected in 6 patients (25%) and 8 segments (13%); 
these patients were subsequently treated by re-PCI. 



Table I. Baseline and procedural characteristics 
(n = 24) 



Variable 


Value 


Age [years] (range) 


66 ±11 (46-88) 


Men [%] 


58 


BMI [kg/mz] 


28 ±5 


Previous myocardial infarction [%] 


38 


Current smoker [%] 


21 


Hypertension [%] 


71 


Total plasma cholesterol 
[mmol/l; mg/dl] 


4.4 ±1.4; 170.1 ±54.1 


LDL cholesterol [mmol/l; mg/dl] 


2.3 ±1.0; 88.9 ±38.7 


HDL cholesterol [mmol/l; mg/dl] 


1.2 ±0.4; 46.4 ±15.5 


Plasma triglyceride [mmol/l; mg/dl] 


1.8 ±1.6; 159.4 ±141.7 


Diabetes mellitus [%] 


42 


P-Blockers [%] 


71 


Calcium channel blockers [%] 


25 


Angiotensin-converting inhibitors [%] 


92 


Clopidogrel [%] 88 
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Table II. Diagnostic performance of CTCA in detecting significant stenosis 



Parameter 


LM 

(n = 24) 


LAD 

(n = 21) 


LCx 

(n = 17) 


All segments 
(n = 62) 


All patients 
(n = 24) 


Sensitivity (95% CI) 


100% (29.2-100) 


100% (15.8-100) 


75% (19.4-99.4) 


89% (51.8-99.7) 


86% (42.1-99.6) 


Specificity (95% CI) 


74% (52.8-91.8) 


68% (43.5-87.4) 


54% (25.1-80.8) 


68% (53.7-80.1) 


41% (18.4-67.1) 


Positive predictive value 
(95% CI) 


38% (8.5-75.5) 


25% (3.2-65.1) 


33% (7.5-70.1) 


32% (14.9-53.5) 


38% (15.2-64.6) 


Negative predictive value 
(95% CI) 


100% (79.4-100) 


100% (75.3-100) 


88% (47.4-99.7) 


97% (85.8-99.9) 


88% (47.4-99.7) 


Accuracy (95% CI) 


79% (62.7-95.3) 


71% (50.5-91.5) 


59% (35.6-82.4) 


71% (59.7-82.3) 


54% (34.1-73.9) 


Likelihood ratio 


4.2 


3.2 


1.6 


2.8 


1.5 


Cut-off value [mm 2 ] 


< 6.19 


<4.78 


< 4.97 


< 5.29 






SE46% 


SE 67% 


SE 75% 


SE 64% 






SP 88% 


SP 90% 


SP 65% 


SP 77% 




Area under curve 


0.6788 


0.8204 


0.7243 


0.7293 





SE - sensitivity, SP - specificity 



The good capability of CTCA in correctly identifying 
patients with significant restenosis was counter- 
balanced by a false-positive rate of 27% (17/62). The 
sensitivity, specificity, predictive values, accuracy and 
likelihood ratio of CTCA for detecting significant 
restenosis are summarized in Table II. 



Correlations between the MLAs of LM, LAD and 
LCx measured by IVUS and CTCA are summarized in 
Figures 2-5. A Bland-Altman analysis showed that 
the MLAs measured by CTCA were underestimated 
(mean difference 1.67 ±2.2 mm 2 for LM; 2.0 ±2.0 mm 2 
for LAD; 1.79 ±1.79 mm 2 for LCx). 
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Figure 2. A - Correlation between IVUS and CTCA measurement of minimal luminal area in the stented left main coro- 
nary artery. B - Bland-Altman analysis of differences between the minimal luminal area measured by CTCA and IVUS 
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Figure 3. A - Correlation between IVUS and CTCA measurement of minimal luminal area in the stented left anterior descen- 
ding artery. B - Bland-Altman analysis of differences between the minimal luminal area measured by CTCA and IVUS 
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Figure 4. A - Correlation between IVUS and CTCA measurement of minimal luminal area in the left circumflex artery. 
B - Bland-Altman analysis of differences between the minimal luminal area measured by CTCA and IVUS 
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Figure 5. A - Correlation between IVUS and CTCA measurement of minimal luminal area in all measured segments. 
B- Bland-Altman analysis of differences between the minimal luminal area measured by CTCA and IVUS 



An ROC analysis of the MLAs derived by CTCA for 
detecting significant stenosis was performed. The 
AUC for all analysed segments was 0.73 (Figure 6). 
The other AUCs and the best cut-off values with their 
sensitivity and specificity are summarized in Table II. 

Discussion 

The high diagnostic performance of CTCA in the 
detection of significant coronary artery disease is well 
established [16]. However, the potential role of CTCA 
in the detection of LM bifurcation restenosis is unclear. 
To the best of our knowledge, this is the only study 
to evaluate the diagnostic performance of CTCA in 
patients after percutaneous coronary intervention 
(PCI) of an LM bifurcation lesion with the use of only 
one stent. The results of this study demonstrate that 
in patients who underwent examinations 9 months 
(3-12 months) after PCI the occurrence of in-segment 
restenosis was present in 25% according to IVUS. 
CTCA had a high negative predictive value (97%) and 
a low positive predictive value (32%) for the detection 
of significant restenosis. It is likely that patients with 
no or minimal restenosis on CTCA do not need further 
investigation. Therefore, from a clinical point of view, 




0 20 40 60 80 100 

100% - Specificity [%] 



Figure 6. Diagnostic value of CTCA measurement for 
assessment significant restenosis in all segments 
expressed by ROC curve 



these results suggest that CTCA might be a suitable 
gatekeeper to conventional angiography or IVUS in 
patients after LM bifurcation stenting. 

Bifurcation lesions provide a challenge for both 
establishing a correct diagnosis and its management. 
In particular, errors in patients with LM in-segment 
restenosis may have significant clinical consequen- 
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ces. Unfortunately, eccentric coronary plaques, coro- 
nary calcification or the overlap of coronary branches 
negatively influence accurate evaluations of LM 
morphology on coronary angiography [17]. Additio- 
nally, coronary angiography of LM is limited to the 
evaluation of true luminal size because of the lack 
of a reference segment for comparison, which can 
result in underestimations of the severity of stenosis 
[3]. Therefore, it was necessary to compare CTCA 
results with IVUS, which is considered as the gold 
standard in the evaluation of coronary anatomy. 

The recently used single or dual-source CT scan- 
ners have a high potential for the exclusion of signif- 
icant coronary artery disease [16]. However, the more 
accurate stent visualization and restenosis quan- 
tification allowed by increased spatial and temporal 
resolution is also very promising for patients with 
a potentially higher rate of restenosis. Although it is 
not known whether it is necessary to routinely follow 
up all patients after bifurcation stenting of the LM, 
it is believed that current CT scanners may offer an 
elegant and non-invasive method for the exclusion 
of significant restenosis [1, 16]. In patients with a bor- 
derline LM stenosis in a study published by Dragu et 
ai, a high degree of correlation was found between 
multidetector CT coronary angiography and IVUS 
regarding the assessment of MLA (r = 0.93, p < 0.01) 
[16], but in the stented segments the coronary lumen 
visualization was much worse [16]. This fact was also 
confirmed by the present study as we demonstrated 
a good correlation between MLA measurements in 
the non-stented LCx (r = 0.76, p < 0.01) and only 
moderate correlations in the stented LM and LAD 
(r = 0.64, p < 0.01 and r = 0.49, p =0.03). 

All CT examinations were performed with 70 to 
100 ml of iodixanol (lomeron, 400 mg/ml, Altana- 
Bracco, Germany) followed by 40 ml of saline solution. 
Similarly, all coronary angiographies were performed 
with the same contrast medium (50-100 ml). There- 
fore, there was no difference in the risk of contrast- 
induced nephropathy between the two methods. 

The accurate CTCA quantification of restenosis is 
dependent not only on a higher spatial and temporal 
resolution, but also on the solution of further tech- 
nical issues including the presence of stent-associa- 
ted high-density artefacts (blooming artefacts), co- 
ronary calcifications, the luminal diameter of the 
coronary stent used and the heart rate of the patient 
[8-10, 16-19]. All of these factors cause a lowering of 
the measured MLA, which was also confirmed by 
the present study, and the mean difference between 
MLAs measured by CTCA and IVUS was 1.8 mm 2 . 
Therefore, the systematic underestimation of MLA 
by CTCA in patients after PCI should be taken into 
account in clinical practice. 

Maintz et ai [20] demonstrated that stent lumen 
visibility largely varies depending on the stent type. 



Magnesium was a far more favourable stent mate- 
rial with regard to the quality of imaging when 
compared with the more common currently used 
stent materials (steel, cobalt-chromium and tan- 
talum). The magnesium stent exhibited a lumen visi- 
bility of 90%, whereas the majority of the other 
stents exhibited a lumen visibility of 50-59% [20]. 
This fact may play a significant role in the future 
because biodegradable magnesium alloy coronary 
stents are a promising solution for long-term adverse 
events caused by interactions between the coronary 
artery wall and permanent stent platforms of drug- 
eluting stents [21]. The stents used in this study were 
made of steel and a cobalt-chromium alloy. 

This single-centre study must be understood in 
the context of its limitations. First, PCI for LM bifur- 
cation lesions is technically demanding and the 
selection of an appropriate stentingtechnique is 
dependent on plaque morphology and distribution. 
The optimal treatment for LM bifurcation lesions is 
not known, but the current consensus prefers a sin- 
gle-stent strategy that covers the lesion from the LM 
to LAD with optional treatment of the LCx. This 
simple stenting approach to bifurcation lesions might 
be associated with a lower rate of restenosis [22] 
and this technique was used in all patients included 
in the present study. Therefore, these results must 
be interpreted cautiously and any generalizations 
should also be made with caution. Second, since the 
stents were implanted from the LM to the LAD in 
7 cases (29%), we were not able to pass the IVUS 
catheter through the stent into the LCx. Therefore, 
we are aware that the real rate of restenosis in the 
LCx might be higher than was reported. Similarly, in 
3 cases (13%), the proximal segment of the LAD was 
not evaluable for the IVUS catheter. Third, another 
limitation of this study was the small number of 
patients included. Therefore, it was impossible to 
perform a reasonable subgroup analysis. 

In conclusion, the present pilot study demon- 
strates that, in patients after LM bifurcation stenting, 
CTCA performs well for the exclusion of in-segment 
restenosis. Therefore, patients with no or minimal 
restenosis on CTCA would not need further invasive 
examinations. However, due to the low positive pre- 
dictive value of CTCA, the finding of any restenosis 
should be confirmed by invasive examination. More 
prospective, multi-centre, and long-term data are 
needed to determine a definite role of CTCA in detec- 
tion and quantification of in-stent LM restenosis. 
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